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Abstract
In a recent paper published in JCMNS in 2017, Francesco Celani, Di Tommaso & Vassalo argued
that Maxwell equations rewritten in Clifford algebra are sufficient to describe the electron and also
ultra-dense deuterium reaction process proposed by Homlid et al. Apparently, Celani et al. believed
that their Maxwell-Clifford equations are an excellent candidate to surpass both Classical
Electromagnetic and Zitterbewegung QM.
Meanwhile, in a series of papers, Bo Lehnert proposed a novel and revised version of Quantum
Electrodynamics (RQED) based on Proca equations. Therefore, in this paper, we gave an outline
of Lehnert’s RQED, as an alternative framework to Celani et al. Zitterbewegung-Classical EM.
Moreover, in a rather old paper, Mario Liu described hydrodynamic Maxwell equations. While he
also discussed potential implications of these new approaches to superconductors, such a discussion
of electrodynamics of superconductors is made only after Tajmar’s paper. Therefore, in this paper
we present for the first time a derivation of fluidic Maxwell-Proca equations. The name of fluidic
Maxwell-Proca is proposed because the equations were based on modifying Maxwell-Proca and
Hirsch’s theory of electrodynamics of superconductors. It is hoped that this paper may stimulate
further investigations and experiments in superconductors. It may be expected to have some impact
to cosmology modeling too, for instance we consider a hypothetical argument that the photon mass
can be the origin of gravitation. Then, after combining with the so-called chiral modification of
Maxwell equations (after Spröessig), we consider chiral Maxwell-Proca equations as a possible
alternative of gravitation theory. Such a hypothesis has never considered in the literature to the best
of our knowledge. In the last section, we discuss the plausible role of chiral Maxwell-Proca (RQED)
in CMNS process. It is hoped that this paper may stimulate further investigations and experiments
in particular for elucidating the physics of LENR and UDD reaction from classical
electromagnetics.
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1. Introduction
In a recent paper published in JCMNS in 2017, Francesco Celani, Di Tommaso & Vassalo
argued that Maxwell equations rewritten in Clifford algebra are sufficient to describe the electron
and also ultra-dense deuterium reaction process proposed by Homlid et al. Apparently, Celani et
al. believed that their Maxwell-Clifford equations are quite excellent candidate to surpass both
Classical Electromagnetics theory and Zitterbewegung QM.[1]
In the meantime, it is known that conventional electromagnetic theory based on Maxwell’s
equations and quantum mechanics has been successful in its applications in numerous problems in
physics, and has sometimes manifested itself in a good agreement with experiments. Nevertheless,
as already stated by Feynman, there are unsolved problems leading to difficulties with Maxwell’s
equations that are not removed by and not directly associated with quantum mechanics [17-20].
Therefore QED, which is an extension of Maxwell’s equations, also becomes subject to the typical
shortcomings of electromagnetic in its conventional form. This reasoning makes a way for Revised
Quantum Electrodynamics as proposed by Bo Lehnert.[17-19]
Meanwhile, according to J.E. Hirsch, from the outset of superconductivity research it was
assumed that no electrostatic fields could exist inside superconductors and this assumption was
incorporated into conventional London electrodynamics.[23] Hirsch suggests that there are
difficulties with the two London equations. To summarize, London’s equations together with
Maxwell’s equations lead to unphysical predictions.[22] Hirsch also proposes a new model for
electrodynamics for superconductors. [22-23]
In this regard, in a rather old paper, Mario Liu described a hydrodynamic Maxwell
equations.[25] While he also discussed potential implications of these new approaches to
superconductors, such a discussion of electrodynamics of superconductors is made only after
Tajmar’s paper. Therefore, in this paper we present for the first time a derivation of fluidic
Maxwell-Proca-Hirsch equations. The name of Maxwell-Proca-Hirsch is proposed because the
equations were based on modifying Maxwell-Proca and Hirsch’s theory of electrodynamics of
superconductor. Therefore, the aim of the present paper is to propose a version of fluidic MaxwellProca model for electrodynamics of superconductor, along with an outline of a chiral cosmology
model.
This may be expected to have some impact to cosmology modeling too, which will be
discussed in the last section. It is hoped that this paper may stimulate further investigations and
experiments in particular for fractal superconductor.

2. Lehnert’s Revised Quantum Electrodynamics
In a series of papers Bo Lehnert proposed a novel and revised version of Quantum
Electrodynamics, which he refers to as RQED. His theory is based on the hypothesis of a nonzero
electric charge density in the vacuum, and it is based on Proca-type field equations [20, p. 23]:
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With A and 𝜙 standing for the magnetic vector potential and the electrostatic potential in
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These equations differ from the conventional form with a nonzero electric field divergence
equation (7) and by the additional space-charge current density in addition to displacement current
at equation (3). The extended field equations (3)-(7) are easily found also to become invariant to a
gauge transformation.[20, p.23]
The main characteristic new features of the present theory can be summarized as follows
[20, p. 24]:

a. The hypothesis of a nonzero electric field divergence in the vacuum introduces an
additional degree of freedom, leading to new physical phenomena. The associated
nonzero electric charge density thereby acts somewhat like a hidden variable.
b. This also abolishes the symmetry between the electric and magnetic fields, and then
the field equations obtain the character of intrinsic linear symmetry breaking.
c. The theory is both Lorentz and gauge invariant.
d. The velocity of light is no longer a scalar quantity, but is represented by a velocity
vector of the modulus c.
e. Additional results: Lehnert is also able to derive the mass of Z boson and Higgs-like
boson.[21] These would pave an alternative way to new physics beyond the Standard
Model.
Now it should be clear that Lehnert’s RQED is a good alternative theory to QM/QED, and
therefore it is also interesting to ask whether this theory can also explain some phenomena related
to LENR and UDD reaction proposed by Homlid (as argued by Celani et al.).[1]
It should be noted too, that Proca equations can be considered as an extension of Maxwell
equations, and they have been derived in various ways. It can be shown that Proca equations can
be derived from first principles, and also that Proca equations may have a link with the KleinGordon equation.[6][7]
One persistent question concerning these Proca equations is how to measure the mass of
the photon. This question has been discussed in lengthy by Tu, Luo & Gillies [12]. According to
their report, there are various methods to estimate the upper bound limits of photon mass. In Table
1 below, some of upper bound limits of photon mass based on dispersion of speed of light are
summarized.

Table 1. Upper bound on the dispersion of the speed of light in different ranges of the
electromagnetic spectrum, and the corresponding limits on the photon mass. [12, p.94]
Author (year)

Type of measurement

Ross et al. (1937)

Radio waves transmission
overland
Mandelstam & Papalexi Radio waves transmission
(1944)
over sea
Al’pert et al. (1941)
Radio waves transmission
over sea
Florman (1955)
Radio-wave interferometer
Lovell et al. (1964)
Pulsar observations on flour
flare stars
Frome (1958)
Radio-wave interferometer
Warner et al. (1969)
Observations on Crab Nebula
pulsar
Brown et al. (1973)
Short pulses radiation
Bay et al. (1972)
Pulsar emission
Schaefer (1999)
Gamma ray bursts
Gamma ray bursts

Limits on m (g)
5.9 x 10-42
5.0 x 10-43
2.5 x 10-43
5.7 x 10-42
1.6 x 10-42
4.3 x 10-40
5.2 x 10-41
1.4 x 10-33
3.0x 10-46
4.2 x 10-44
6.1 x 10-39

From this table and also from other results as reported in [12], it seems that we can expect that
someday photon mass can be observed within experimental bounds.

3. Hirsch’s proposed revision of London’s equations
According to J.E. Hirsch, from the outset of superconductivity research it was assumed that no
electrostatic fields could exist inside superconductors, and this assumption was incorporated into
conventional London electrodynamics.[22] Hirsch suggests that there are difficulties with the two
London equations. Therefore he concludes that London’s equations together with Maxwell’s
equations lead to unphysical predictions.[1] However he still uses four- vectors J and A according
to Maxwell’s equations:
2

A

4
J,
c

(8)

and

J  J0  

c
4L2

( A  A0 ).

(9)

Therefore, Hirsch proposes a new fundamental equation for electrodynamics for superconductors
as follows: [22]
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Then he proposes the following equations: [22]
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where F is the usual electromagnetic field tensor and F0 is the field tensor with entries E0 and 0
from E and B respectively when expressed in the reference frame at rest with respect to the ions.
In the meantime, it is known that Proca equations can also be used to describe electrodynamics of
superconductors, see [25-33]. The difference between Proca and Maxwell equations is that
Maxwell equations and Lagrangian are based on the hypothesis that the photon has zero mass, but
the Proca’s Lagrangian is obtained by adding mass term to Maxwell’s Lagrangian.[33] Therefore,
the Proca equation can be written as follows:[33]
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is the inverse of the Compton wavelength associated with photon mass. [38] (Note:
c
‘omega’ is the angular frequency = 2 pi f, where f is the frequency, the definition of omega involves
the “reduced” Compton wavelength, corresponding with the reduced Planck constant ‘ĥ’.) It is
also clear that in the particular case of m = 0, then that equation reduces to the Maxwell equation.
In terms of the vector potentials, equation (13a) can be written as [33]:
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Similarly, according to Kruglov [31] the Proca equation for a free particle processing the mass m
can be written as follows:
  ( x)  m2 ( x)  0,
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Now, the similarity between equations (8) and (13b) are remarkable, with the exception that
equation (8) is in quadratic form. Therefore we propose to consider a modified form of Hirsch’s
model as follows:
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The relevance of the proposed new equations in lieu of (11)-(14) should be verified by experiments
with superconductors [37]. For convenience, the equations (15a)-(15b) can be given a name:
Maxwell-Proca-Hirsch equations.

4. Fluidic Maxwell-Proca Equations
In this regard, in a rather old paper, Mario Liu described a hydrodynamic Maxwell equations.[24]
While he also discussed the potential implications of these new approaches to superconductors,
such a discussion of electrodynamics of superconductors is made only after Tajmar’s paper.
Therefore, in this section we present for the first time a derivation of fluidic Maxwell-Proca-Hirsch
equations.
According to Blackledge, Proca equations can be written as follows [7]:
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Therefore, by using the definitions in equations (16)-(19), and by comparing with hydrodynamic
Maxwell equations of Liu [24, eq. 2], now we can arrive at fluidic Maxwell-Proca equations, as
follows:
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Since according to Blackledge, the Proca equations can be viewed as a unified wavefield model
of electromagnetic phenomena [7], therefore we can also regard the fluidic Maxwell-Proca
equations as a unified wavefield model for electrodynamics of superconductor.
Now, having defined fluidic Maxwell-Proca equations, we are ready to write fluidic Maxwell—
Proca equations using the same definition, as follows:
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As far as we know, the above fluidic Maxwell-Proca equations have never been presented
elsewhere before. Provided the above equations can be verified with experiments, they can be used
to describe electrodynamics of superconductors.
As a last note, it seems interesting to remark here that Kruglov [31] has derived a square-root of
Proca equations as a possible model for hadron mass spectrum, therefore perhaps equations (30)(32) may be factorized too to find out a model for hadron masses. However, we leave this problem
for future investigations.

5. Towards Chiral Cosmology model
The Maxwell-Proca electrodynamics corresponding to a finite photon mass causes a substantial
change of the Maxwell stress tensor and, under certain circumstances, may cause the
electromagnetic stresses to act effectively as “negative pressure.” In a recent paper, Ryutov,
Budker, Flambaum [34] suggest that such a negative pressure imitates gravitational pull, and may
produce an effect similar to gravitation. In the meantime, there are other papers by Longo, Shamir
etc. discussing observations indicating handedness of spiral galaxies, which seem to suggest chiral
medium at large scale. However, so far there is no derivation of Maxwell-Proca equations in chiral
medium.
In a recent paper, Ryutov, Budker, Flambaum suggest that Maxwell-Proca equations may induce
a negative pressure imitates gravitational pull, and may produce effect similar to gravitation.[34]
In the meantime, there are other papers by Longo, Shamir etc. discussing observations indicating
handedness of spiral galaxies, which seem to suggest chiral medium at large scale. As Shamir
reported:
“A morphological feature of spiral galaxies that can be easily identified by the human eye is the
handedness—some spiral galaxies spin clockwise, while other spiral galaxies rotate
counterclockwise. Previous studies suggest large-scale asymmetry between the number of galaxies
that rotate clockwise and the number of galaxies that rotate counterclockwise, and a large-scale
correlation between the galaxy handedness and other characteristics can indicate an asymmetry at
a cosmological scale.”[40]

However, so far there is no derivation of Maxwell-Proca equations in a chiral medium. Therefore,
inspired by Ryutov et al. paper, in this paper, we present for the first time a possibility to extend
Maxwell-Proca-type equations to chiral medium, which may be able to explain origin of
handedness of spiral galaxies as reported by M. Longo et al.[39-40]
The present paper is intended to be a follow-up paper of our preceding paper, reviewing
Shpenkov’s interpretation of classical wave equation and its role to explain periodic table of
elements and other phenomena [38].

6. Maxwell-Proca Equations in Chiral Medium
Proca equations can be considered as an extension of Maxwell equations, and they have been
derived in various ways. It can be shown that Proca equations can be derived from first principles
[6], and also that Proca equations may have link with Klein-Gordon equation [7].
It should be noted that the relations between flux densities and the electric and magnetic fields
depend on the material. It is well known, for instance, that all organic materials contain carbon and
realize in this way some kind of optical activity. Therefore, Lord Kelvin introduced the notion of
the chirality measure of a medium. This coefficient expresses the optical activity of the underlying
material. The correspondent constitutive laws are the following:[35]
D = εE + εβ rot E (Drude-Born-Feodorov laws),

(33)

B = μH + μβ rot H

(34)

where e = E(t, x) is the electric permittivity, j = p(t, x) is the magnetic permeability and the
coefficient β describes the chirality measure of the material.[35]
Now, since we want to obtain Maxwell-Proca equations in chiral medium, then eq. (28) should be
replaced with eq. (34). But such a hypothetical assertion should be investigated in more detailed.
Since according to Blackledge, the Proca equations can be viewed as a unified wavefield model of
electromagnetic phenomena [7], then we can also regard the Maxwell-Proca equations in chiral
medium as a further generalization of his unified wavefield picture.

7. Plausible role of chiral superconductor model to LENR/CMNS
According to R.M. Kiehn, chirality already arises in electromagnetic equations, i.e. Maxwell
equations:[41]
“From a topological viewpoint, Maxwell’s electrodynamics indicates that the concept of Chirality
is to be associated with a third rank tensor density of Topological Spin induced by the interaction
of the 4 vector potentials {A, φ } and the ﬁeld excitations (D,H). The distinct concept of Helicity is
to be associated with the third rank tensor ﬁeld of Topological Torsion induced by the interaction
of the 4 vector potentials and ﬁeld intensities (E,B). …
In the electromagnetic situation, the constitutive map is often considered to be (within a factor) a
linear mapping between two six dimensional vector spaces. As such the constitutive map can have
both a right- or a left-handed representation, implying that there are two topologically equivalent
states that are not smoothly equivalent about the identity.”

Therefore, here we will review some models of chirality in superconductors and other contexts, in
hope that we may elucidate the chirality origin of spiraling wave as considered by Celani et al. for
explaining UDD reaction (cf. Homlid).
Here, we summarize some reports on chirality as observed in experiments:

(a) F. Qin et al. reported “Superconductivity in a chiral nanotube.”[42] Their abstract goes as
follows: “Chirality of materials are known to affect optical, magnetic and electric
properties, causing a variety of nontrivial phenomena such as circular dichiroism for chiral
molecules, magnetic Skyrmions in chiral magnets and nonreciprocal carrier transport in
chiral conductors. On the other hand, effect of chirality on superconducting transport has
not been known. Here we report the nonreciprocity of superconductivity—unambiguous
evidence of superconductivity reﬂecting chiral structure in which the forward and
backward supercurrent ﬂows are not equivalent because of inversion symmetry breaking.
Such superconductivity is realized via ionic gating in individual chiral nanotubes of
tungsten disulﬁde. The nonreciprocal signal is signiﬁcantly enhanced in the
superconducting state, being associated with unprecedented quantum Little-Parks
oscillations originating from the interference of supercurrent along the circumference of
the nanotube. The present results indicate that the nonreciprocity is a viable approach
toward the superconductors with chiral or noncentrosymmetric structures.” In other words,
chirality may play a significant role in electromagnetic character of superconductors.
(b) In other paper, Kung et al. reported: “Using polarization-resolved resonant Raman
spectroscopy, we explore collective spin excitations of the chiral surface states in a three
dimensional topological insulator, Bi2Se3. We observe a sharp peak at 150 meV in the
pseudovector A2 symmetry channel of the Raman spectra. By comparing the data with
calculations, we identify this peak as the transverse collective spin mode of surface Dirac
fermions. This mode, unlike a Dirac plasmon or a surface plasmon in the charge sector of
excitations, is analogous to a spin wave in a partially polarized Fermi liquid, with spinorbit coupling playing the role of an effective magnetic field.” [43] What we would
emphasize here is that the collective spin mode may alter the Dirac fermions, see also [44].
(c) Karimi et al. studied deviation from Larmor’s theorem, their abstract begins as follows:
“Larmor’s theorem holds for magnetic systems that are invariant under spin rotation. In the
presence of spin-orbit coupling this invariance is lost and Larmor’s theorem is broken: for
systems of interacting electrons, this gives rise to a subtle interplay between the spin-orbit
coupling acting on individual single-particle states and Coulomb many-body eﬀects.”[45]
What we would emphasize here is possible observation of Coulomb many-body effects,
and this seems to attract considerable interests recently, see also [45a].

Concluding remarks
In a series of papers, Bo Lehnert proposed a novel and revised version of Quantum
Electrodynamics (RQED) based on Proca equations. We submit a viewpoint that Lehnert’s RQED
is a good alternative theory to QM/QED, and therefore it is also interesting to ask: Can this theory
also explain some phenomena related to LENR and UDD reaction of Homlid (as argued by Celani
et al)? While we do not pretend to hold all the answers in this regard, we just gave an outline to
Proca equations to electrodynamics of superconductors, then to chirality model.
Nonetheless, one of our aims with the present paper is to propose a combined version of
London-Proca-Hirsch model for electrodynamics of superconductor. Considering that Proca
equations may be used to explain electrodynamics in superconductor, the proposed fluidic

London-Proca equations may be able to describe electromagnetic of superconductors. It is hoped
that this paper may stimulate further investigations and experiments in particular for
superconductor. It may be expected to have some impact to cosmology modeling too.
Another purpose is to submit a new model of gravitation based on a recent paper by Ryutov,
Budker, Flambaum, who suggest that Maxwell-Proca equations may induce a negative pressure
imitates gravitational pull, and may produce effect similar to gravitation. In the meantime, there
are other papers by Longo, Shamir etc. discussing observations indicating handedness of spiral
galaxies, which seem to suggest chiral medium at large scale.
However, so far there is no derivation of Maxwell-Proca equations in chiral medium. In
this paper, we propose Maxwell-Proca-type equations in chiral medium, which may also explain
(albeit hypothetically) origin of handedness of spiral galaxies as reported by M. Longo et al.
It may be expected that one can describe handedness of spiral galaxies by chiral MaxwellProca equations. This would need more investigations, both theoretically and empirically.
This paper is partly intended to stimulate further investigations and experiments of LENR
inspired by classical electrodynamics, as a continuation with our previous report.

Postscript
It shall be noted that the present paper is not intended to be a complete description of physics of
LENR and UDD reaction (Homlid et al). Nonetheless, we can remark on three things:
a. Although usually Proca equations are considered not gauge invariant, therefore some
researchers tried to derive a gauge invariant massive version of Maxwell equations, a recent
experiment suggest U(1) gauge invariance of Proca equations. See [46].
b. Since Proca equations can be related to electromagnetic Klein-Gordon equation, and from
Klein-Gordon equation one can derive hydrino states of hydrogen atom, then one can also
expect to derive ultradense hydrogen and hydrino states from Proca equation. This brings
us to a consistent picture of hydrogen, see also Mills et al. [47-50]
c. Chirality effect of hydrino/UDD may be observed in experiments in the near future.
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